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(57) Abstract 

. J^T li ^V S ! dd ^ r * com P leinentaf y metal-oxide silicon integrated circuit to provide an intentional, non-reverse-bi- 
ased VDD-to-VSS shu t path fof transput 0,^,5 suoh 35 electrostatic discharges. Tnis circuit protects the IC from ESD da- 
F a £ e b y on b ? fore other P ath . th «s directing the ESD transient current away from easily damage structures Soecif- 

^^T 11 ^ C T ent * 8teered fr0m we VDD raa < 102 > to * e VSS rail (101) through the on ^nSonofa 
P-channel transistor (P3) whose source and drain are connected to VDD and VSS respectively. The voltage on the gate of this 

£E ™/5Sr?. ,ta v^ D - ? PPly . beCaUSC u ^ riVen by 3 dday netWOrk fonned b * a seco ° d transistof (P4) and a ^padtor 
of theTC V 00 "^^ delay network turns the VDD-to-VSS transistor on during a transient and off during normal operation 
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(57) Hgifrl 

m-&<tva->v *>mmm»K®§& (400 ^iit/n-r 

T. E SD«««SfE*«« J: 
^:^t^ci<:J:f}. I c*ESD»«^6BBt 
5„ ^^ttiif> v-^iKi/'i'^VDDtvssi: 
-en*'ftg^LT^*P^**^h-7 >^X^ CP 3) 

(102) a^v s s (ioi )^ir^rsj-r-5o-c 

CCD h7>yX^y- Hi#2CD h7Vi^X^ 
(P 4) (C l)£f;:J;97£/jE£n£iIJ£ 

»aittia»»tta**ttVDD-vs h7>w 

5o 



to - 



7a D2 



r-HCh 



I 



— 1 



R2 

H[N2 $03 



i. *tt<t^-a*tcMOS0HT»ti» t«7CMOs@nu<ncsAt 
ftU0«&inc*i*-c, 

niasn lOh^-'^towey-i-Kfci^fcBn©* 
waevs s«iat'-A.i£*ttbfc)ii2©3 **** =» y?> * 

fft*MOS Y 1**J*9 t LrXS?ftTV>«»*J|[ 1 X«203wrn*» ] jh 

to««©SH. 

4. ^^u, «E3i203 ^y mmr**- * *iria-? 
*rr*p*.r**MOSi-*Ki'**& c-c38«*nr ^»ar*j«3Ea«)H» 

5. *tt<tt-S*tCMOSa«T4»J, 2IECM0SStti**iiteW** 
«J«r * V D DOJflCtie *&tfV S S«7J«*3 u-** fftfi tt«B«4>a 

Ff«tf>£, y- h t*fft5Ptt **M0S»-9vi>x*i: 

til ABB?* h * toy- UfcVDDjB*Hii@Fa4:«"A« 
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8. fiEB»ltt'M.TX#y*n*MOS »• ? V y X *nx* r> % 

B3K* 9 y v r v*!6!*K*«fcr*y- h«fria-?iv^ 

9- !Ptt<U-BA'CMOS0»t*O, m£CMOSSKa«titw«»« 

SffiVDDffl»i'-frfc»«Lfcy-Xt, S&JEVS S<*lftu-*toKttL*: 
KC'f ft, y- ^*#tlPf t**MOS 

BEPfti*MOSh^ *<DJBJEy- »mEJ:<,t 
«C *HHWraa»VDD~VS S HJ«JE*ftO'J>« < t *48*Jfc*< ©Stf* 

v-*-y- r>si*fE£ lt^e?t t*^MOS j-^>^^yica3A-c> *n 

frWMte J:,tfi:«VDD-VS S Hl*fiE*«: * tBJH * « fc * to » 
<it«J3l:f <*9»tv-z-y- hfiil«I£i UTl?EPf * UMO S * 

' ^ ^ >«c*iAanc^s«, a^«is»J3E*fluc j: s vdd- vs 

SBi?ntta!fl:<o«aK* < oss#* v-A-r- k Bjaat ltbiep*-*** 
mos h 5 *iciB*r, *nici:?>, «j}tt«8SK{t:K^Tfi:ev 

DD-VS SraWffitfft:**H*-*fci6te|if«P-f^*rf,MOS >V/i>7H 



m m a 

CMOS tS8ti) tt?<Z>ffffitC8t?«ft«SB8 (IC) ORgf t ^ A 7 9 h 

cst«. tts-f**, i c tit no* c 

ESD) U ZWAWLSLKfrbCMO S I C eS»t6 C t KHt5. Cfttt, 
ttnicLTl*<?C£#ftft. CMOS I Cfti^ttl CO0«ttl<:«t« 

«flt*isr rnti\ i cxin ctst/SBits^affoKa^cio-c, ic 

L — STD883 CMBTHOD3 0 1 5. 8 T?JS« « AtV» 6 A*« f 

*. C«ff«»tt-Ctt, |IStttCI*2 0 0 0 h *«&«Lfc I 0 0 p F ©3 

frv**l 500 i-A08ttB*^LTK»t^i I CO 1 * 

©1 cfl>fl6<Dv»rn^««i^«r»tt$-*^^aji*if u^ntxttfettv*. i c© 

WttM8*;ifiC ft Tic I C t^tTM*rft&«E!6JBrv*ti^, t <0 E S DSJ 

CMOSa^CMOSCifflt* I C*E 5 D ©«*m*M* * fc 

CMOS^CMOSCSfflt* I CO-Bfc LT«4r*«lBft«Hffl*n-C 



&x 9 «sa ft n-c v»ipffla«€«fflur«BR ft cmos icoioo 

A/JJft^ t , 1 ooaj*«^i:K«t6-»«fJ E S D WUHB tvUt^t. 

^t*4^K:^ vDDtc*«-r*Ngi^»**»«iaftnT*o% tntoNs?** 
«tt>icp^^*^h9 v^^Baintvi. t 1 «, Titvs 

Sft^VDDtneAKMtSlAftfti/-* 1 0 1 At* 1 0 2 i OW©flB«« 
Sv^t-Pt**^*-^ 1 Xt/D 2CiO«»ftn*. 

T2 i«/j«ldu-^ l 0 IRCf I 0 2 *nm tOCBlc* 9 » fio 

^N2&^P2 tnrno k ^-r ^ttft«0»dSe«£ttSjAsnT^«K 

#- KD3&IFD 4*ftO%<0tafA*CfcA<-C*6. h»>!?XfN2 
JfcffP2ttliJ*ai^T2KMfo5aiA I'M ^**J*r*. VD 
D«« w-a- i 0 2 4 V S Sftlftu-^ 1 0 1 ^-MlBf 4 

*-PDB**tt*5, Z.<D94it— Vtt* 1 C±«4t«Pf * * ^ K * v 
s>X t ^fflMt^N-'? *^tt»«tc»ttftnTV>*. P-KKCHOS 
/Dt70»ftOMy^7tN2ftffP2««ifflBT«*. BB5tt, £0* 

mKm&yA +- F0 3&CFD 4 4««j«*nrv>*^, acrw*r-f fds 
t»i«r«t«ii.t*P2tflnt*Na9.*ffl»ittwUTv>«. fti/ 

-far— FD3. D4SCFD5tttRtt9 x FD UffD 2«ES DS« 

OfcOteJBtSI UT ICv^r* ^ffi:fttntv>«, 

1 COES DKf«0^^/KrWS^6 t ftfctt, I CCV'm* 2^fl>»f O 
WfcE S DMtrCnm*-*. ttA«, ES 1 to *vxA*r*^T I C H t r tiJ*J 

tii^«l? : T2^^tttf£«R2*/H.» Nf »**^yi;x*N2*K^r/* 
^*^L> I«*&VSSi/-/v I 0 1 0 s 8:k> Mt-KDI *K-CA 



HttrY3r-KD4*^U-CVDD^-^l02K:fi9,f-fjr-KD5«>rp 
fT J fcs**<ot!**r ta^?494* en« ©aa«* ^cu 4 «/w r 

a, p-N«6ffl*aa* osa* * 7 t«, p-N»#a<D*«T<D*DEafc 
tot»5t*W*&+»8***4'-t»fllt, entasis** yr*iin 
a«:,'jayois^«)ftff»dii3?t*t, *<o*a*«aro. **ra-8 

£ct6. cn$it, iU©*v*ttBr»»ift», «<oa** ntittt 

p-N»A7f-* > ttusriic ci-»rR^**K«» an 

^oAnnsii. am. utzti? \,-9 ^©wc t 

tncio, Of Aft^ 9 3 o«0to90«i»a * r-^y net 

ri*c«ft £ v»-> c fc«««lrvi«. coaaaatl. a»s yu-*X9vT 

r*^Maitt uk p- N»ea*a u ran ft c ft*aoa#JW?j£* 
'<-fTJ»ftfci »teWUP-N»A«A*«a-e» 6«**MJ;9 * 

K*v»-Ctt, ESDB8«t"<*tt, a** IC«l*«l>ri/- 

E^ttfPifflCMOS I Cttt, ARBl«A««*t>-C0 1 Cl^tttWO/ 

u-* ^»v*£Etta«tt«< , * (D&aaataa®* a vae a. 

CO«ntIAt9 < E SDa*«x*^r-ii*ot:Xi <ttftfctffc, tttf 

n/f-?r» o mo a Haoa nanRBM'/';x*N2i!)Ku 
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rvKvx+i * ©rat* 9***6 sDitcntfic 

a© VDD ^ — A» fc V S S u-A-tO(J|C, »4SCR©/l- 

-*/>v«EA»ev^ascR«a (H2c*t) *«iut^t. c©«a 
tt. ► >>i'7>N2<DKn > %a« tttti t> eetffl/h s v^a««(tL j: ^ 

tUrV.ft. £<Oi£&*atfltcSI<|lfc4>4U L. R . AveryRU^r 
A review of electrostatic discharge 
mechanisms and on — chip protection te 
ebnfques to ensure divlei rellabllit 
yj (Journal of Electrostatics, 24(1990 
tf) . 1 I 1 — 1 3 0-*-U) -C*ft. 

C u «* a a n roo s t H o 1 z n a r K * ftMOtt*<Dtttt TA Now E 
SD Protection Concept for VLSI CMOS 
Circuits AvoldUf Circuit StraflBJ (1 
991 EOS/ESD Symposium Processings, 74 
-8 i Nft**^"/j;xfN3 (H3K*t) D«ffli*U 

-X«VSSv-*l 0 1 CtttSltV«S. h»vy^*N3ttK^^^«fffi 

ff-frtu-x + vy si* — rtufliLr, VDD**6Vsstsft* 

P u « r K J:5JHo«£Xffla(fiT*i*ta»»*4, 7 86, 9 564. M 
nput Protection Device for Intevrate 
d CI rcui Ujli, FM >#A»l«TFfctt«L* V-xttVSSK* 

ttfflt*ttv>* (a 9 A3. 38-5 4 . *»fl£ra«C yu- 



xaaar ft * ^f/^^tuNttUMvi'A **«jn-r«iaaof 
itv«. :nu»sn^ *»wiiVDD«tj«isi/-*eVss«naa 

K e I 1 e rCi «-a<OK*«>aWti* P u a r »'9 B69»ft©3 UIO 
85tlS***^5A3©23f?a *-r-ClftU<5.n"C^ft.C*Ott3fc<Ott««,P u 
srO'eSS «9«l*W0H2<DttlS»R A i BB » t T KVH ft fcJ&C 

A*>a*«>i»a*£ LWLtwav. c<Dtt*(o«*i*ffliao/'f >r-K 

6. 

P u a rO'858 9tt*]a*©±fi0>£*C E S D»**H* 

«iar 4ti!ii:»tttM©/>'-* r*> * tt~ x^c«ff-r« ii^ttfl** 

* ft. «ftBO/i/-?/»v> A-Xi.lc«fft6!l te rtttUtvi E S D 
as A tnaiic iot, <*:/T-C**.rj»«*LteP-N»6ff* 

a -7 xanft c a*** t jn^fc'W t * #nfct schup-n 

»ftw*n«c <«iar 9 «m««jij; oip«v%A§ *te«fto*<*ar* « t 

soi»a©t>-5 i-7<Dn»ii, ai^fcWttft**'*^ <o y — 9 ? o i 

lo<rj«»M«r«nifCJI2aLfc I C 1= JHV»r ft/MttttO«IBT* ft t I C 

<r>»4 r <> \ liSliBtto«/>Xtt£ < « — -c*,-Cfe, MOttRfBB U fc I 
C»*'hC5Bl<o«l» idifl ^ T L * -5 c i fe* 9 , *otit>, ttttV E S D WJS 



Butifcts (esd) tt*<oaas*s«c** L-caianf*, flffi/wrxvDD- 

V S S B)»»*)tfrtr«fc«6fc> «M»4K-Blfl:«f U = ^ (CMOS) *« 

aa < i c> K@B«aAirft. coenn, tt«irott»it)«i:>-y*y 
it, »»<c»«f fi«s®*^E s Daa«»*a**rftii c»= -to * ic* 

ESDR«A»^««-rft. W3E-rn*fs V-^iKVOiiVDDiVSSCf 
nfn«KLtv ftP^*+*h»>i»3i^o^-yeia*«-C» E SDilMtt 
tVDDw-A'fr&VSS w — *^fc»faf ft. iOMv^^Of - H*» 

<0 V D D^»aiJSa«lia«^ti V D D-VSSBH^fX^4r?-^*y 

*ft v»(±, -> y 3 attT? r ^ + ttir©»ei*tt«fi*affl iTRajntv»t 

*>, CMOSA^B I CMOSttif«)CMOSKafir*tt«t*ffitXjEJll 

fci cc*f urate* *nfcattt&«*35l?"r ft c fc* 4»*. 
*5eei<oj|«@«tt. I CHffl:/n*xc*tf ftfc»fcttUT<r*lt?*«0l8 

u-caaw«*siffr «£it*6. 
* j&tcjuoawt*, ru-^ r*>Tr»f*-r»p-Ntt6tt*£*tt^*iB 

ia»aj4E88**atf ft c 

* iicMoa^ti* A^^vjkcxm^tfvciKEs DW«sa*aicutt^ 
ctfcAO, i c*B2t4fcJ6c**»ft«i";3yoiii«tft4vtt«i:t 

T* ft. 

Bit*. a*«o-«rKccMo s AajJ5Rraaa©aaHt?*ft. 

S A 0J /3 Wa O BH DB T * ft . 



B3 t*„ VDDiVSSiOBfcNf vU^y^f * fl ZD U ft tt* <D — 

»6<t, ro-KD3, D 4A9D 5 * ?<P * 4 R LTtt£«gt S n* * * 
*tM-/^ * N2&tfP 2 

tiat«fc*Cf-^#yf«lHWttVCC-VSS|!Ha«IJ^5ESr* 

£4ic> i ci=0B<rjfliDr». coMamaaaatSAKaasntMae 
**^a#*e. »tttntf» pf t*/i'>>y t»xf«*^»a%at, esd 
a*««tVDDu-^A»6vss i^-^t mat 

E4©@H 4001*, V-xa*ftt* Y\s4 ^IfyVODftttu-^l 02 

t, Pf^*^yj>X*P 4&CF a + C I 4?Atf VDDJSaHiSHIS 

BBfc*SC. »*UH*a«*tt» ay^v^C UNf tUH^^fi 

4. ^ys?^^P4<!>y-xttVDD«iai/-/H 02KA581, ► 9 * x 
* P 4 ©r- mVSSftttk-* 1 0 I *C»«UTV*4. ayfyfCl *H 
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«tttT*0. VSSH^T3tiH5nctt0«AhKB«Lrv»8. CPA* 

DD«ttfC«*f». >»y^^P3oy-ht v-xllfttVDDlflEK 
*>4©T, h?y^^p3tti-7t*« f ,dt,t, VDDtVSSiOBCU 

ESDwaaBAoooiftwcaco^TtAJ. i cfcaatfflia* 
nrvt*v»4*, vss«iSw-*ionio#^ht*siJ»*fen > ito 
- Ktio^/v ► catv»affr»*-r4. e sD*ti»**»iHaa*T2'e 
(vss«tei/-/no i fcHL-c) jEoaa^/vxaag* r-f 
KD4iia^«/M rx sn» ttfitaiR 2 1 t 9 v fx * n 2*** oaa***,* 
RB*»otTW4ffl-e, +- kd 4tta»*-tnef**H«s«-c\ vd 

Df-*l 0 2^4M«t«. VDD 1^-* I 0 2 tt»»«f»T* 6 <D"C, *©* 

ffi«m^ai^T 2©*ffj;acanT, uar* kd 4©»t*ee^ aan 

CttO. 7 K0»T VDDv-M0 2Ctf£±fl6«Ptt* 

-fc* lea** fttv* f I C4r8S E S DK(£SifcH{^af T2o 

O2RHJI*4±»a»«*0tt-C*4. Y- ?O0) t> 

O (V-X*^K»/^^AO) *y;jy*r* ? y ^ ttJ»flJ L, O O ft 4 V - A - Y 

- na*tt«-»fcit«ut:Jf jnr ». p 3©*-r xt*, vodis«I CJ:o 

ifOiaiBf-CtWarw-^ r^r v«£E4rflll**4il fctt < * ****** BUT 

ft 4 *$»c+#ic*» <aF*nTi»i. encij, aaaattta^ia^T 2 
**«a«*»K»,-cvs s^aastu a*:**:fctf*sa* u < ttwrn.** 

1 ttoai^Kiftatqifinr*3i2©ffii t-c.x^jai^T 1 *sttatt. 



tttt>$, hfc»ft**ia^di*ja*T 2ft:iE'<*x#tfa]#*ifc»Ste 

tt» a*SKOJISIttM;ffCI'«<r rx«ft«/-f*-l'D4t, 

x?P3t, mTs&'ij rx**v4 kd 1 fc*****®-?**. h» 

c »3o«ttt» mnm* t 2 nt**n&-?x nm? t 1 kje 

KD2±. *Vfl>^y^?P3t, a^B/Mrxin»f^-FD34 

a±o«ii, v» < -^ftvto 1 cm=F<Dmts.'<fi,x#fQtB*titi± « re s dbb 

atttf#H©ttB**©*<5*:LT:fcir4**K«LTVfc. f<f KD I , 
D 2, D3, D4RFD64* SHI 4 0 0 t ©Bdtftf **it*\ I CCD Z<r>m=f- 

# e sd^xoieob* t £oa?*a«>M, aaaa*** 
*>&r, Htt©0Ftt4)aa*<f3 6 4 c t i*3«*k ttflG-e* * 

m^Kiicasr n«, a 4* eat * *-e» esds<*x*< 

aat*«^w^isi^-f nfcp-N«^o**aeBfja<oeo4rH^ 
tan»itKttati. «xiftj'<<f Tx*n*mj£©*as©p~NttG»ii 
nu*i*©B»jj^ r x snfcaaa* 9(*4*tc*< «ia«aatt <• 
a-ca*©-c, < r cam** e s drbsb 4 o o saat «aatc v v 3 y 
oaaacMux) «k©ko» <e s DBaosici'.t) At v. 

tt & * kie u m«xtt(c » t -c a trial u »tt**r - 1 r * * - 

T** "5. 

*»?!<9*!©«fl », i covDDftiau-*ivssft»su-*(o«ric 



A^eyrtKSBoajwt^attsp u » r<o 'o 5 e«»i*«ifoa*o 

»Xitt»«l9"T**. MROVD DXttVS S «tt f-^KWUTtt^ V»m 

*»afje©VDD««^— v^-f n*Bf3E4>v s s«»v-^i:©rajK i 

3i»4 00 t»ttt*. fct*U\ 2-3©VDD«ttk-*VDD-UffVD 
D-2i, l-JOVSSftaw-^fctfft* ICB2-J09B4 0 0 — VD 
D-l*VSSi:©iaiK|-3s VDD-2tVSSt©ECfc^ )o — 4>^K 
4rr»r*5«5. *«4W-Ctt» AUaf?iK^-ft-FDlftCFD2 0»a4i 
iBR-e**, 4— FD3SLCTD 4«ai/3M^ atXAffl^«TFS:»v»r BJ 

-4>aa**/5r, 

B36l±, *'>Je«^SA<l. 2^o>-Cft9fi?2-?«^aatdtrCMO 
SrotxcBt>5tftlv>f/<-f ^ O A# & t*tE S DISraHW 4 0 0 ©H 
«S3-C*S. ^Vl/X ?P3li8/r8tfC»40tttt5iVXi'^7^ h 
r*9« «©fl-JttfBtt3 200ur*«#, iH-©B*t»^f^ r <> hMtrtft 

t %a & n * aj: ♦> a«fittur± » *>tcs^. £o/p-tcx^$at«a^a« 

-*-fX«*l. 2i*-C*5AI> V * >- t> X ^ P 3 <Oia<*£2H.'fcJ6, ^a*XtD«JB 

f?^^p3o«iii£\Mi^ i cttfflta* <tt«?»«aaxi»f-tt 

l, «TMT» h t»*Ot«ntf, — 3Ktt«<DT*«#* 3200<it±fli 

ti*M'/s;xJt UXSJh«O*i0* LV%. E SD(9B@B4 0 0<0Sf 
BO«ttK»lTtt, ► 9 ^ £^ x * P 3 ©V-xRtf Fu^ y £ „ fn6fr6V 

CtttMRT**. fflttte, AA4?a/^ KD t&^D2« at^fctn^*. 
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